The recovery time for each of the parameters studied in the entire group of patients.
Introduction
The final outcome of treatment of an impacted maxillary tooth is largely dependent on the ability of the orthodontist, oral surgeon, and the patient to co-operate (Becker, 1998) . In order to fully comprehend the surgical procedure and then sign an informed consent document, which has become mandatory in dental practice, the patient must be provided with the maximum amount of relevant information (Troidl et al., 1987; Fraser, 1993; Morton, 1996; Shugars et al., 1996; Savin and Ogden, 1997; Conrad et al., 1999) .
Impacted teeth may be exposed by the removal or repositioning of the soft tissue that envelops them, to leave them in full view at the end of the surgical procedure. This has been termed 'open-eruption' exposure (Becker, 1998) . The main advantages of this technique are that the orthodontist's presence in the operating theatre is unnecessary, in the case of failure attachment bonding may be performed at any subsequent convenient time. Rebonding of a failed attachment on the impacted tooth needs no additional surgery. However, several disadvantages have been described, including the need for wide bone exposure and increased discomfort, the risk of infection, and a bad taste and smell in the mouth after surgery (Becker, 1998) . These claims are founded on clinical experience, which has never been challenged in a prospective study. It is inadmissible for patients of the third millennium to be presented with advice that is based on assumption, when they are entitled to a higher level of evidencebased knowledge and understanding before consenting to treatment. The term 'quality of life' has thus been increasingly used in the last decade in a large number of clinical investigations in different areas. Such investigations do not focus merely on the clinical outcomes of a procedure, but now include additional parameters designed to describe the patient's own perception of recovery in relation to clinical outcomes (Troidl et al., 1987; Slevin et al., 1988; Reisine and Weber, 1989; Fraser, 1993; Morton, 1996; Shugars et al., 1996; Savin and Ogden, 1997; Conrad et al., 1999) .
Quality of life studies regarding the surgical removal of third molars have been widely published (Shugars et al., 1996; Savin and Ogden, 1997; Conrad et al., 1999) , while a review of the English literature revealed no parallel study focusing on the immediate post-operative outcomes and patients' perceptions of recovery of surgical exposure of impacted maxillary teeth with the widely used open-eruption technique. Surgical removal of third molars and surgical exposure of impacted teeth Thirty patients (24 females and six males) underwent surgical exposure of 39 impacted maxillary teeth using this technique. After surgery the patients were contacted by telephone daily for 7 days, to complete a healthrelated quality of life (HRQOL) questionnaire, which assessed their perception of recovery in four main areas: pain, oral function, general activity, and other symptoms.
Severe pain was reported by 30 per cent of the patients in the first post-operative day (POD 1), which declined to 6.7 per cent by POD 6. Consumption of analgesics declined gradually over the postoperative days (POD 1: 80 per cent, POD 7: 20 per cent). Difficulty in eating required 5 days to reach minimal levels; enjoying everyday food, 2.5 days; school attendance, limitations in daily routine, swallowing, and speech, 2 days each; swelling, bad taste/smell, 1.5 days each; within 1 day all other measures attained minimal levels. The need for bone removal during the exposure resulted in delayed recovery with regard to the ability to eat. In general, females reported delayed recovery for pain.
The present data may serve as basic guidelines against which future studies which assess postoperative management of patients after surgical exposure of impacted teeth by an open-eruption technique may be compared.
treated with an open-eruption surgical-orthodontic technique involve a process of wound healing by secondary intention. It was felt to be beneficial in the study of post-operative sequelae of surgery to impacted teeth to evaluate this type of surgical exposure by using a third molar surgery-related methodology for understanding health-related quality of life (HRQOL) issues.
This prospective study was therefore designed to assess patient perceptions of immediate post-operative recovery after the surgical exposure of impacted maxillary teeth treated with an open-eruption surgicalorthodontic technique.
Subjects and methods
Two HRQOL instruments (Savin and Ogden, 1997; Conrad et al., 1999) were combined for use in this study (see Appendix).
Patients who had been scheduled for surgical exposure of impacted maxillary incisors and canines treated with an open-eruption surgical-orthodontic technique were asked to enrol in a prospective clinical study conducted in four clinics over a 12 month period beginning in December 2001. All patients in the sample were aged between 12 and 20 years and in good general health.
On the day of surgery, after consenting to participate in the study, baseline data (age, gender, orthodontist's name, surgeon's name, tooth number, tooth location buccal/palatal, and height of impaction apical/middle/ cervical) were recorded.
Three oral and maxillofacial surgeons performed the surgery according to a standard protocol which included local anaesthesia and tooth exposure (Becker, 1998) . No flaps were raised. The open-eruption technique employed the use of electrosurgery to remove the fibrous mucosa covering the impacted tooth. Rotatory instruments were used when appropriate. A periodontal pack (Coe-Pak, GC America Inc, Illinois, USA) was placed at the end of the procedure to prevent rehealing over the tooth. Two 3/0 silk sutures were placed over the pack to prevent premature dislodgement. Subsequently, the surgeon recorded a description of the surgery, including the duration of the surgical procedure and the need for bone removal. The sutures and the pack were removed at the follow-up visit 1 week later.
Bonding of a small eyelet attachment threaded with a steel ligature wire on the impacted tooth was performed by the orthodontist 1 week following surgical exposure. Light orthodontic traction maintained on the ligature wire was initiated 1 week after surgery, with the aim of bringing the tooth to its correct place in the arch.
After surgery the patients received the modified HRQOL instrument and were contacted by telephone for 7 days, to confirm its daily completion. The HRQOL instrument assessed patient perception of recovery in four main areas: pain, oral function, general activity, and other symptoms. Pain was graded according to severity and the need for analgesic consumption. Oral function dealt specifically with swallowing, mouth opening, ability to eat and enjoy ordinary food, and speech. General activity measures targeted the ability to participate in routine daily activities, sleeping, and school attendance. Other symptoms included bleeding, bruising, swelling, food accumulation and stagnation in surgical sites, the presence of a bad taste or smell, and malaise. The patients were not required to return for post-surgical visits, but were encouraged to do so if symptoms worsened after the first few post-operative days.
The degree of pain was assessed on a visual analogue scale of 1-10, with 1-3 referring to mild pain, 4-7 moderate pain, and 8-10 severe pain. The remaining parameters were assessed on a five-point scale: 1, not at all; 2, very little; 3, some; 4, quite a lot; 5, very much.
Descriptive statistics were used to summarize separate 'time for recovery' for each of the following parameters: gender, duration of surgery less than 30 minutes versus 30 minutes or longer, the impacted tooth location (buccal/palatal), height of impaction (apical/middle/ cervical), and the need for bone removal during exposure.
The time for recovery was equated with the median number of days to reach very little/not at all (1-2/5) and mild pain (1-3/10), and this was assessed for each of the parameters examined.
The influence of each predictor variable on recovery time was assessed using Fisher's exact test, which is a multiple comparisons statistical analysis, with P < 0.05 taken as the minimum criterion of significance.
Results
Thirty patients (24 females and six males) underwent surgical exposure of 39 impacted maxillary teeth treated with an open-eruption surgical-orthodontic technique. Six patients were treated for bilateral impactions. The mean age of the patients was 14.8 ± 2.7 years. Two orthodontists and four maxillofacial surgeons participated in the study. There were 33 impacted maxillary canines and six impacted maxillary incisors. Twenty-four teeth were palatally impacted, 14 buccally, and one was bucco-lingual in the middle of the alveolar crest. Regarding the height of impaction, 10 teeth were cervically, 18 middle, and 11 apically located.
The mean duration of surgery was 44.6 ± 15.2 minutes. For 20 of the 30 patients, this was 30 minutes or greater. In 23 patients there was a need for bone removal.
Measures of pain, oral function, interference with daily activity, and other symptoms were reported as the percentage of patients who had substantial impairment (score 4-10 for pain, and score 4-5 for other symptoms).
Pain
On the first post-operative day (POD 1), 30.0 per cent of the patients reported that they experienced their worst pain and described this as severe at some point in the day; by POD 6 that number had decreased to 6.7 per cent (Figure 1 ). Analgesic consumption declined gradually over the post-operative days (POD 1: 80 per cent; POD 7: 20 per cent).
Oral function
On POD 1, the ability to eat everyday food was most affected (80.0 per cent), followed by the ability to enjoy everyday food (33.3 per cent), speech (30.0 per cent), swallowing (26.7 per cent), and mouth opening (20.0 per cent) (Figure 2) . Improvement in oral function was evident by POD 7 (ability to enjoy everyday food: 13.3 per cent; ability to eat everyday food: 10 per cent; swallowing: 6.7 per cent; mouth opening: 6.7 per cent; speech: 0 per cent).
General activity
On POD 1, 40 per cent of patients had been absent from school and 23.3 per cent of respondents reported substantial interference in daily activity (Figure 3) . The limitations in daily routine and school attendance fell to 10.0 per cent (three individuals) by POD 4. Sleeping was minimally affected, only being experienced on POD 1 (6.7 per cent).
Other symptoms
The presence of a bad taste/smell was the major postoperative distressing symptom. It was reportedly the greatest on POD 1 (36.7 per cent), diminishing gradually over the study period until POD 4 (6.7 per cent). Food accumulation (23.3 per cent on POD 1) decreased to 6.7 per cent by POD 7. Swelling peaked by POD 1 (23.3 per cent), but had largely resolved by POD 3 (6.7 per cent). Bleeding and malaise were reported by 20.0 per cent of the patients, but were of major concern only during the first day after surgery (Figure 4) . Bruising was minimally evident to patients in the recovery period. Figure 1 The proportion of patients reporting pain as severe (score 8-10/10) and taking analgesics, according to day post-surgery.
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Figure 2
The proportion of patients reporting considerable difficulty in eating, speech, mouth opening, and ability to enjoy regular food (score 4-5/5), according to day post-surgery. 
Time to recovery
The ability to return to eating everyday food required 5 days, followed by pain (4.5 days), the ability to enjoy everyday food (2.5 days), school attendance, limitations in daily routine, analgesic consumption, swallowing, and speech (2 days each), swelling, bad taste/smell (1.5 days); within 1 day all other measures attained minimal levels ( Figure 5) .
The impact of each predictor variable on the time to recovery was assessed. Recovery did not differ significantly for tooth location, height of impaction, or surgery time. The need for bone removal and gender were the only significant predictor variables. Delayed recovery was evident for those in which bone removal had been performed with regard to the ability to eat (POD 6 versus POD 3, P0.05). Females reported delayed recovery regarding pain (POD 5 versus POD 2.5, P0.02).
Discussion
This prospective study aimed to overcome the lack of subjective information regarding the patient's wellbeing in the immediate post-operative period following surgical exposure of impacted maxillary incisors treated with an open-eruption surgical-orthodontic technique. A similar wound healing process is involved in both the surgical exposure of impacted maxillary incisors treated with an open-eruption surgical-orthodontic technique and the surgical removal of third molars-healing by secondary intention. As this latter procedure has already been researched and documented in this context, it was felt justified to use it for baseline comparisons with the procedure being examined in this investigation (Conrad et al., 1999) . However, the present group of patients differed from those in third molar studies with regard to age. The patients included in the present investigation were younger than those in earlier third molar extraction studies.
The dynamics of worst pain (maximal pain on POD 1 and significant improvement by POD 6) are similar in both surgical interventions, yet third molar surgery would appear to be much more traumatic, as it takes up to 9 days to reach minimum levels (Conrad et al., 1999) .
As a whole, the present group required a median of 5 days to overcome eating difficulties, 2.5 days to enjoy everyday food, 2 days for speech and swallowing, and 1 day for mouth opening, affecting 80.0, 33.3, 30.0, 26.7, and 20 .0 per cent of the study population, respectively. After third molar surgery, difficulty in eating lasted for 6 days and in speech for 2 days, affecting similarly large parts of the study population (85 and 37.5 per cent, respectively). In contrast, mouth opening difficulties lasted for 5 days and affected 78.5 per cent of the third molar extraction sample (Conrad et al., 1999) . Mouth opening was less affected in the present study due to the anatomy of the area involved. No muscle involved in mandibular movement was severed, leaving almost no ill-effects on mouth opening.
Limitations in daily activity and school attendance only returned to normal by POD 4 in the present study. Comparing this data with third molar surgery (Conrad et al., 1999) shows that working (older) patients reported better dynamics for resumption of daily activity and a return to work, POD 3, despite the more traumatic nature of the surgical intervention. The younger patients in the present study who missed an additional day from school may have had other reasons than recovery from surgery! Sleeping was minimally affected for both surgical exposure of impacted maxillary incisors treated with an open-eruption surgical-orthodontic technique and for third molar surgery.
Swelling peaked in the present study by POD 1, resolving by POD 6 and affected only 46.6 per cent of the study group. In third molar surgery, the peak was reached by POD 2 and resolved by POD 5, and affected 61 per cent of the study group (Conrad et al., 1999) . The fact that third molar surgery is more traumatic and involves a different anatomical area might explain such differences. Malaise, bleeding, and bruising were not common findings for either of these surgical procedures. The presence of a bad taste/smell was considered minimal after a median of 1.5 days, although it affected 43.3 per cent of the present sample. Food accumulation at the surgical site was 23.3 per cent over the entire follow-up period. Both these recovery factors were regarded as a major concern after third molar surgery, taking 7 days to reach acceptable levels. Healing by secondary intention in both procedures may explain the results, which are more severe after third molar surgery.
In general, while the adverse effects in the present study subsided after 5 days, in third molar surgery they frequently persisted beyond 1 week (Savin and Ogden, 1997; Conrad et al., 1999) .
The need for bone removal resulted in delayed recovery with regard to ability to eat. It could be speculated that a palatally located procedure might be responsible for the delayed recovery in relation to eating. In addition, females reported delayed recovery for pain. This result is in agreement with previous studies suggesting that females report more severe levels of pain, more frequent pain, and pain of a longer duration compared with males (Unruh, 1996; Dao and LeResche, 2000) .
